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A large uniaxial magnetic anisotropy Ku of about 2107 erg/cm3 was obtained in Co–20–30
at. % Pt perpendicular films deposited on Ru seed layers. The films showed good c-axis orientation
perpendicular to the film plane, and no evidence of a Co3Pt-type-ordered structure was found in the
X-ray-diffraction patterns. The value of Ku the sum of the first- and second-order terms of uniaxial
anisotropy, Ku1 and Ku2 increased as the thickness of the CoPt layer decreased, and reached about
2107 erg/cm3 at 2 nm Co–20 at. % Pt films or 5 nm Co–25–30 at. % Pt films. The ratio of
Ku2 to Ku1 was 0.16 in 40 nm films, but reduced to less than 0.03 for thicknesses below 5 nm. The
experimental results suggest that, besides the surface anisotropy, the increase in Ku on reducing the
thickness is mostly related to the reduction of the hcp-CoPt lattice c /a ratio, probably due to
epitaxial growth of CoPt on the Ru seed layer. © 2006 American Institute of Physics.
DOI: 10.1063/1.2167351I. INTRODUCTION
CoPtCr films deposited on Ru seed layers, with c-axis
perpendicular to the film plane, show a large perpendicular
magnetic anisotropy,1,2 which results in a high thermal sta-
bility of CoPtCr–SiO2/Ru granular-type perpendicular re-
cording media.1–3 We have been studying the magnetic an-
isotropy of CoPtCr/Ru films, and our investigation
revealed1,2 that the values of the first- and the second-order
energy terms of uniaxial anisotropy, Ku1 and Ku2, vary sig-
nificantly with the seed layer materials used. One possible
explanation for the difference in magnetic anisotropy would
be the lattice deformation of hcp-CoPtCr due to epitaxial
growth of CoPtCr on the seed layers.2 Ku2 decreases as the
c /a ratio of the films’ hcp-CoPtCr lattice decreases. How-
ever, Ku1 increases significantly as the c /a ratio decreases,
resulting in an increase in the total anisotropy Ku=Ku1
+Ku2. CoPtCr films deposited on Ru seed layers have small
c /a values, resulting in large KuKu1 values with negligibly
small Ku2.
In this paper, the magnetic anisotropy of Co–20–30
at. % Pt binary-alloy films deposited on Ru seed layers is
examined as a function of film thickness. A large Ku value of
about 2107 erg/cm3 was obtained by reducing the film
thickness probably due to the lattice deformation besides the
surface anisotropy.
II. EXPERIMENTAL PROCEDURE
Co–20–30 at. % Pt films were deposited on 4 in.
SiOx /Si substrates by the cosputtering method with Co and
Pt targets using a dc-magnetron sputtering system. Ru 20
nm films were used as seed layers with a preseed layer of
Pt 10 nm /Ta 5 nm. No substrate heating was carried out
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deposition was 0.3 Pa 2.3 mTorr for all layers. Capping
layers of Pt 2 nm were deposited on top of the CoPt layers.
The value of Ku=Ku1+Ku2 was obtained by subtracting the
shape anisotropy 2Ms
2 from the value measured by torque
magnetometry. For comparison, the values of Ku1 and Ku2
were also evaluated by the generalized Sucksmith-Thompson
GST method.4 Magnetization curves were measured by
Vibrating-sample magnetometer VSM.
III. RESULTS AND DISCUSSION
Figure 1 shows a high-resolution transmission electron
microscope HR-TEM image of the cross section of a
Co75Pt25 film. The CoPt layer hcp 002 lattice plane grows
continuously on Ru 002, indicating the epitaxial growth of
CoPt on Ru. Figure 2 shows the X-ray-diffraction patterns of
Co80Pt20 films with various film thicknesses. X-ray-
diffraction analysis revealed that all CoPt films had a hcpFIG. 1. High-resolution TEM cross-sectional image of a Co75Pt25/Ru film.
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films showed good c-axis orientation perpendicular to the
film plane, and no significant difference in c-axis distribution
50 was observed between the CoPt and Ru layers due to
the epitaxial growth of CoPt on the Ru layers. The 50 of
the CoPt and Ru layers was about 2.8 deg for all films.
Moreover, it should be noted here that no evidence of a
Co3Pt-type-ordered structure was found in the X-ray-
diffraction patterns.
Figure 3 shows the values of saturation magnetization
Ms of Co80Pt20 films as a function of film thickness. Ms was
almost constant, except for films thinner than 5 nm, for
which Ms increased as the thickness decreased. The experi-
mental uncertainty in the VSM measurement was less than
3% for the 2-nm-thick films. It is likely that this increase in
Ms was due to polarization of the Pt capping layer. The
thickness dependence of magnetization, including the polar-
ization of the Pt layer, is described as follows:
Ms = Ms
bulk + Ms
Pt/ , 1
where Ms
bulk is the bulk saturation magnetization of the
Co80Pt20 layer, Ms
Pt is the polarization of the Pt layer, and  is
the thickness of the Co80Pt20 layer. Ms decreases as 1/ de-
creases as seen in the inset figure, suggesting that no signifi-
cant diffusion occurs at the top/bottom surfaces of the CoPt
layer. The values of Ms
Pt and Ms
bulk
, evaluated from the Ms
FIG. 2. X-ray-diffraction patterns of Co80Pt20 films with various film
thicknesses.
FIG. 3. Ms as a function of film thickness for Co80Pt20 films. The Ms
1/ plot is also shown in the figure.
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spectively. This value of Ms
Pt is in good agreement with those
previously reported.5,6
Figure 4 shows the Ku values of these films. The Ku1 and
Ku2 values of some of the films were measured by the GST
method, and the values of Ku=Ku1+Ku2 are also plotted in
the figure. The values of Ku obtained by the GST method
were in good agreement with those obtained by torque mag-
netometry. Ku increased as the thickness of CoPt layer de-
creased, and reached 1.9107about 2107 erg/cm3 at 2
nm. The Ku values of these films are a few times larger than
those of Co80Pt20 films previously reported.7–10 Especially, it
should be noted that the Ku values of films thinner than 5 nm
exceed the Ku of Co3Pt-ordered alloy films.11 The ratio of
Ku2 to Ku1 was 0.16 for 40-nm-thick films, but reduced to
less than 0.03 on decreasing the thicknesses to 5 nm. The Ku2
values of these films are particularly small, which is also
different from previous reports. An increase in Pt content
results in a further enhancement of Ku. The Ku was maxi-
mized at 25–30 at. % Pt content as seen in the inset figure
and reached nearly 2107 ergs/cm3, even for 5-nm-thick
films.
One possible explanation for the thickness dependence
of Ku would be the surface anisotropy. The thickness depen-
dence of anisotropy, including the surface anisotropy, is de-
scribed as follows:
Ku = Ku
bulk + Ks1 + Ks2/ , 2
where Ku
bulk is the bulk anisotropy magnetocrystalline aniso-
tropy, and Ks1 and Ks2 are the surface anisotropies at the top
and the bottom surfaces of the CoPt layer. Figure 5 shows
the values of Ku as a function of 1/. The Ku1/ curve is
not linear, indicating that the thickness dependence of Ku
cannot be explained only by the surface anisotropy. We esti-
mated the values of Ku
bulk and Ks1+Ks2 by fitting the Ku
1/ curve in the 1/ region smaller than 110−6 cm−1
bulk
FIG. 4. Ku as a function of film thickness for Co80Pt20 films. The Pt content
dependence of Ku for 5-nm-thick Co100−xPtx films is also shown in the inset
figure.thicker than 10 nm to Eq. 2. The evaluated values of Ku
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08G908-3 Shimatsu et al. J. Appl. Phys. 99, 08G908 2006and Ks1+Ks2 were 1.1107 erg/cm3 and 5.3 erg/cm2, re-
spectively. The value of Ks1+Ks2 is too large compared to the
values of surface anisotropy of Co-based alloy films.12
The other possible explanation for the thickness depen-
dence of Ku would be lattice deformation of hcp-CoPt due to
lattice mismatching with the Ru seed layer, similar to that in
CoPtCr alloy films deposited on various kinds of seed layer
materials.1,2 The c /a values of the hcp-CoPt lattice for these
films were analyzed by X-ray-diffraction analysis, by mea-
suring the lattice spacings of hcp 002, 004, and 112
planes. The diffraction of the hcp 112 plane was measured
by tilting the sample an angle =58–59 deg.  is the angle
between the normal axis to the film plane and the optical
plane. However, the lattice spacings of films less than 8 nm
thick could not be estimated because of very low diffraction
intensities. The c /a value decreased as the thickness de-
creased, as seen in the inset of Fig. 6, indicating a significant
change in lattice spacings in the initial layers of CoPt films
FIG. 5. The values of Ku for Co80Pt20 films as a function of 1/.
FIG. 6. The values of Ku for Co80Pt20/Ru films as a function of the c /a
ratios of the hcp-Co80Pt20 lattices. The thickness dependence of the c /a ratio
is also shown in the inset figure.
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layer. The increase in Ku on reducing the thickness is coin-
cident with the reduction of the hcp-CoPt lattice c /a ratio, as
seen in Fig. 6. It is theoretically predicted13–16 that a decrease
of c /a enhances the magnitude of the uniaxial magnetic an-
isotropy, resulting in an increase in Ku1 and a reduction in
Ku2. The experimental results mentioned above are qualita-
tively in good agreement with the theoretical prediction.
However, the lattice deformation model alone cannot explain
the significant increase in KuKu1 obtained in the experi-
ment.
IV. CONCLUSION
A large uniaxial magnetic anisotropy Ku of about 2
107 ergs/cm3 was obtained in Co–20–30 at. % Pt per-
pendicular films deposited on Ru seed layers. No evidence of
a Co3Pt-type-ordered structure was found in the X-ray-
diffraction patterns. Our results suggest that, besides surface
anisotropy, the increase in Ku on reducing the thickness is
mostly related to a reduction of the hcp-CoPt lattice c /a
ratio. More intensive effort is required to clarify the origin of
Ku1 and Ku2.
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